Chemical context
Many compounds containing the heterocyclic pyran moiety exhibit diverse pharmacological activities. The pyran ring is a core unit found in benzopyrans, chromones, coumarins and flavanoids. Numerous naturally occurring compounds containing a pyran ring show therapeutic activities such as antiviral (Martínez-Grau & Marco, 1997) , antimicrobial (Khafagy et al., 2002) , mutagenicity (Hiramoto et al., 1997) , sex pheromone (Bianchi & Tava, 1987) , antitumor (Mohr et al., 1975) , cancer therapy (Anderson et al., 2005) , central nervous system activity (Eiden & Denk, 1991) , antifungal (Schiller et al., 2010) , antiproliferative (Osman et al., 2011) , antidiabetic (Bisht et al., 2011) , anti-inflammatory (Wang et al., 1996; Wang et al., 2005) and calcium channel antagonist activity (Shahrisa et al., 2011) .
2-Amino-4H-benzo[1,2-b]pyrans (2-amino-4H-chromenes) act as synthetic building blocks for the design of various pyran-containing bio-active molecules (Kale et al., 2013; Sabry et al., 2011; Kidwai et al., 2010) ; among them are cytotoxic and anti-HIV preparations (Patil et al., 1993; Emmadi et al., 2012) and anticancer (Wu et al., 2003; Perrella et al., 1994) , antimicrobial (Mungra et al., 2011) and anticoagulant agents (Cingolani et al., 1969) .
Against this background we carried out the crystallographic studies of the title 4H-chromenes 2-amino-3-cyano-4-(3,4-dichlorophenyl)-7-hydroxy-4H-benzo[1,2-b]pyran 1,4-dioxane mono solvate (I) and 2-amino-3-cyano-4-(2,6-dichlorophenyl)-7-hydroxy-4H-benzo[1,2-b]pyran (II). ISSN 2056-9890 
Structural commentary
The asymmetric units of the title compounds are illustrated in Figs. 1 and 2. The molecules of the two 4H-chromene derivatives differ only in the positions of the chlorine atoms attached to the phenyl ring, and the key bond dimensions in (I) and (II) essentially coincide. The bicyclic chromene cores in the two structures are nearly planar, with the largest deviation from the mean plane being observed for the sp 3 -hybridized C7 atom in both cases [0.081 (2) and 0.087 (2) Å in (I) and (II), respectively]. The interatomic distances in the pyran rings indicate a strong -conjugation of the electron-donating atoms O2 and N2 with the cyano acceptor groups. As a result of this conjugation, the C8 C9 bonds [1.349 (3) Å in (I) and 1.354 (2) Å in (II)] are longer than the typical double bonds (Allen et al., 1987) , whereas the C9-N2 bonds are shortened [1.335 (3) and 1.342 (2) Å for (I) and (II), respectively], thus the amino groups in the studied structures were assumed to be planar and treated with the AFIX 43 instruction. Besides this, the O-C distances in the pyran rings are asymmetric [1.393 (2) and 1.393 (2) Å for O2-C10 vs. 1.357 (3) and 1.353 (2) Å for O2-C9 in (I) and (II), respectively]. The observed planarity of the bicyclic chromene units is also a consequence of -conjugation. The dihedral angle between the mean planes of the 4H-chromene ring system and the phenyl ring attached to C7 is 80.82 (9) in (I) and 85.36 (8) in (II). In (II), the o-chlorine atom Cl1 forms short intramolecular contacts with atoms C8 and C9 of the pyran ring of 3.111 (2) and 3.193 (2) Å , respectively.
Supramolecular features
As shown in Figs. 3 and 4, in both of the title structures the 4Hchromene derivative molecules are linked by pairs of N-HÁ Á ÁO hydrogen bonds (Tables 1 and 2) The molecular structure of (II), with atom labelling and 50% probability displacement ellipsoids. Table 1 Hydrogen-bond geometry (Å , ) for (I). Symmetry codes: (i) Àx; Ày þ 2; Àz þ 1; (ii) Àx; y þ 1 2 ; Àz þ 1 2 ; (iii) x; y À 1; z. Table 2 Hydrogen-bond geometry (Å , ) for (II). Symmetry codes: (i) Àx þ 2; Ày þ 1; Àz; (ii) x þ 1; y À 1; z.
Figure 1
The asymmetric unit of (I), with atom labelling and 50% probability displacement ellipsoids. The hydrogen bond is represented by a dashed line.
layers parallel to the (100) plane ( Fig. 5 ). In (II), the dimers are linked by O-HÁ Á ÁN hydrogen bonds into ribbons along the [110] direction. In (I), the 1,4-dioxane solvent molecules are linked to the chromene molecules via O-HÁ Á ÁO hydrogen bonds. In this compound, the C-HÁ Á ÁCl contacts (Table 2) also contribute to the stability of crystal structure.
Database survey
A search in the Cambridge Structural Database (CSD version 5.40, last update August 2019; Groom et al., 2016) , revealed 107 structures of 4H-chromene derivatives, among them 25 containing the 2-amino-3-cyano-4H-chromene moiety. Of these, two structures, viz. 2-amino-7-hydroxy-4-(4-hydroxyphenyl)-4H-chromene-3-carbonitrile (HUPCEC; Horton et al., 2015) and 2-amino-4-(4-bromophenyl)-7-hydroxy-4H-chromene-3-carbonitrile (UFEKOI; Bi et al., 2017) are closely related to compounds (I) and (II). In the structures of both HUPCEC and UFEKOI, the molecules adopt the same conformation as in (I) and (II) and also form centrosymmetric dimers by pairs of N-HÁ Á ÁO hydrogen bonds as in the title structures.
Synthesis and crystallization
Both studied compounds were prepared by the same procedure. Mixtures of 3,4-chlorobenzaldehyde (8.75 g, 0.05 mol) [for (I)] or 2,4-dichlorobenzaldehyde (8.75 g, 0.05 mol) [for (II)], malononitrile (3.3 ml, 0.05 mol) and resorcinol (5.5 g, 0.05 mol) in 150 ml of water were refluxed for about 10-20 minutes in 250 ml round-bottom flasks. The progress of the reaction was monitored by thin layer chromatography using silica gel-G plates. After the product had formed, the reaction mixtures were kept in the refrigerator overnight. The solid mass that settled was filtered using a suction pump, washed well with a mixture of methanol and water and dried in air. The crude products were recrystallized from methanol giving white powders. Single crystals were grown by slow evaporation of solutions in 1,4-dioxane (I) or acetonitrile (II). The melting points are 518-523 K for (I) and 513-515 K for (II).
Refinement
Crystal data, diffraction data and structure refinement details for (I) and (II) are summarized in Table 3 . All hydrogen atoms bound to C and N were located from the difference-Fourier maps and refined isotropically using a riding model, with U iso (H) = 1.2U eq (C,N) and C-H = 0.98 Å for methine, 0.97 Å for methylene and 0.93 Å for aromatic C atoms, and N-H = 0.86 Å . In (I), the hydroxy H atom was constrained with AFIX 147, but its U iso value was allowed to refine freely. In (II), the OH hydrogen atom was freely refined. Double layers of hydrogen-bonded molecules in (I). The 1,4-dioxane molecules are omitted for clarity.
Figure 3
A view of the hydrogen-bonding interactions in (I), showing the formation of centrosymmetric dimers. The C-bound hydrogen atoms are omitted for clarity. [Symmetry codes: (i) Àx, 2 À y, 1 À z; (ii) Àx, 1 2 + y, 1 2 À z.]
Figure 4
A view of the hydrogen-bonding interactions in (II), showing the formation of centrosymmetric dimers and ribbons. The C-bound hydrogen atoms are omitted for clarity. [Symmetry codes: Computer programs: APEX3, SAINT and XPREP (Bruker, 2018), SHELXT2014/5 (Sheldrick, 2015a) , SHELXL2014/6 (Sheldrick, 2015b), DIAMOND (Brandenburg, 2007) , Mercury (Macrae et al., 2008) and PLATON (Spek, 2009 ).
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Acta Cryst. program(s) used to refine structure: SHELXL2014/6 (Sheldrick, 2015b); molecular graphics: DIAMOND (Brandenburg, 2007) and Mercury (Macrae et al., 2008) ; software used to prepare material for publication: PLATON (Spek, 2009 ). where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max < 0.001 Δρ max = 0.26 e Å −3 Δρ min = −0.24 e Å −3 Extinction correction: SHELXL, Fc * =kFc[1+0.001xFc 2 λ 3 /sin(2θ)] -1/4 Extinction coefficient: 0.0174 (18) Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
2-Amino

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Cl1 0.60648 (5) 0.18411 (11) Symmetry codes: (i) −x, −y+2, −z+1; (ii) −x, y+1/2, −z+1/2; (iii) x, y−1, z. Amino-3-cyano-4-(2,6-dichlorophenyl)-7-hydroxy-4H-\ benzo[1,2 
2-
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
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Acta Cryst. (2019). E75, 1568-1572 Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) (12) 0.0324 (10) 0.0294 (9) 0.0405 (10) N2 0.0469 (9) 0.0356 (8) 0.0409 (9) 0.0166 (7) 0.0178 (7) 0.0231 (7) C14 0.0388 (10) 0.0269 (8) 0.0303 (9) 0.0110 (7) 0.0057 (7) 0.0088 (7) C13 0.0433 (10) 0.0254 (8) 0.0340 (9) 0.0057 (7) 0.0052 (8) 0.0154 (7) C12 0.0362 (9) 0.0298 (9) 0.0276 (8) 0.0013 (7) 0.0063 (7) 0.0128 (7) (7) 0.0043 (6) 0.0098 (7) C1 0.0354 (10) 0.0376 (10) 0.0314 (9) 0.0017 (8) 0.0065 (7) 0.0139 (8) C2 0.0648 (14) 0.0541 (12) 0.0293 (10) −0.0009 (11) 0.0165 (9) 0.0143 (9) C3 0.0846 (17) 0.0510 (13) 0.0232 (9) −0.0059 (12) 0.0054 (10) 0.0076 (9) C8 0.0309 (9) 0.0284 (8) 0.0249 (8) 0.0082 (7) 0.0036 (7) 0.0107 (7) C22 0.0358 (9) 0.0374 (10) 0.0341 (9) 0.0099 (8) 0.0097 (7) 0.0191 (8) C9 0.0325 (9) 0.0252 (8) 0.0255 (8) 0.0085 (7) 0.0032 (7) 0.0094 (7) C10 0.0328 (9) 0.0232 (8) 0.0248 (8) 0.0055 (7) 0.0043 (7) 0.0113 (6) C15 0.0362 (9) 0.0304 (9) 0.0299 (9) 0.0092 (7) 0.0109 (7) 0.0130 (7) C4 0.0604 (13) 0.0444 (11) 0.0323 (10) −0.0108 (10) −0.0050 (9) 0.0073 (9) C5 0.0375 (10) 0.0336 (9) 0.0298 (9) 0.0002 (7) 0.0057 (7) 0.0118 (7) Geometric parameters (Å, º) (2) 160 (3) 
